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To anyone taking a stock check of our planet's 
resources, the future doesn’t look bright. Goal, 


ein nd oil supplies are shrinking. Indiun Thereisa group 
rr kel and tantalum —just some of the metals strarine la 
= into our smartphones ~ are being used emer 
% == .y MD and drinkable water are becoming strained as 
y a=. \ = our planet's population swells and the climate 
$ me changes, It's easy to imagine that the next 
~ We \ century could be characterised by scarcity 
~ = And that’s without considering the ethical and ecological 


consequences of acquiring these precious resources. However, there 
another way to look at this problem, On p36 Matt Ridley makes hi 


4 case fora different future, one that’s brighter than you might think 
} flavour than The Killing; love agreat whodunnit, But the crime 
\ | enre might be in trouble, as breakthroughs inthe kes of genetics 
4 znd Al are bout to make solving crime alot simpler, For instance 
4 some cities are already working on eystems that will help them 


predict crimes before they happen, much like earthquakes, And if 
someone does commit a crime, in the near future the police will 
probably be able to establish what the suspect looks like and what 
—— they've been up to from a few samples of blood and hair, There'll beno 
avant-like detectives either, asall the real work will be done by an 
artificial intelligence that's studied every criminal case from the last putsome effort 


cade. Even then, unless they teach it to gather all its suspects into a ied pat 
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How pain works 


Don't forget that 88¢ Focusis also 
available onall major digital 
platforms. Wehave versions for 
Android Kindle Fite and Kindle 
c-reader as wall asan 0S app for the 
WadandiPhone, 


Cart wait until next month to get 
Yyourfixof science and tech? The 
Science Focus webstels packed with 


rews,artidesand QBAs to keep your 
brain satisfied 


EARTH FROM ABOVE 
Thelatest special edition fromthe 
BBC Focusteamlets you explorethe 
planet asnever before, with 
fascinating photos taken fromabove 
the Earths surface, 
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these beautiful ong barrels 
One cubicmetre of water 


tsa huge 
amount of kinetic energy. 
Both thesurferand the 
photographers need superb 
judgment -and abit ofluck 
~tostay safe: 

Totakethe picture, 
Fitzsimmons useda GoPro 
camera withafisheyelens, It 
was fitted witha dometo 
push water away fromthe 


camera,allowinghimto 
capture the action above 
and below the surface. 
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IS THERE A TENTH PLANET? 


Astronomers sinthe US ha 
mass object’ 


SWITCH IN THREE 
SIMPLE STEPS 


+ call our freephone number: 


0800 090 1669 


‘Our lines are open: ; ris ‘ ave their new service 


: : It seems the Solar System may be alittle more crowded __extends to a few hundred Astronomical Un 
nday ~ f Y vice installed within 3 weeks of calling. e realy 
ETE ae a ar cooks than we thought: a planet around the size of Mars could —_with one AU representing the distance bet 
. Tell us how you use the . be hidden among its outer fringes. and the Sun. 
Pick up the phone and speak to one of our We compare the major UK internet, TV A team from the University of Arizona has discovered a The Earth and the other major planets all orbit the Sun 


mysterious mass, dubbed Planet Ten, that appearstobe _in roughly the same plane. However, Kuiper Belt Objects 
tugging at the orbits of a population of space rocks known —_(KBOs) are far enough away from the gravitational 

, as the Kuiper Belt in the icy outskirts of the Solar System. attraction of the gas giants to be tilted away from this 
TalkTalk cy ‘The Kuiper Belt ies beyond the orbit of Neptune and plane, and are affected by interactions with one another. 


internet and TV at home 


friendly UK advisors. They'l lis and Phone suppliers, including: 


« We'll help you switch to the 
perfect deal so you can just 


sit back and relax 
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This angle, known as the inclination, can be 
calculated, Ifthe observed angle differs from the 
one calculated, then it's possible that the 
KBOs are being pulled out of line by som 
y an undiscove 
how the 

pred 
more than 600 obj 
archers foun 


more massive — potenti 
planet, This method 
{ Planot N 
analysin 
Kuiper Bolt, the re 
of 8° at around 50AU away from the 
Tho most likely explanation for 
that ther 
Kat Volk 
hing as massiv 
tho warp that we measured, 
may not have directly 
we haven't yet 


ts in the 


esearchers say 


observed KBOs from currently about 
40,000," researcher Renu Malhotra said, “The 
are a lot more KBOs out there — w 
n them yet, Some of them are too farand dim 
even for LSST to spot, but be 
will cover the sky much more comprehensively 

', it should be able to detect 


just have not 


than current sur 


this object, ifit’s out there, 


LIKELY 
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RESULTS IS 
THAT THERE 


Planet Ye orbits 
Neptune on 8 


EXPERT COMMENT 


Colin Stuart 


“All eyesareon the outer Solar System right ow. Fist, 
astronomers found tantalising clues of aninth planet 
beyond the ortitof Neptune But now there might be 
teeth, too. 

‘We shouldn'treally be surprised. The early Solar System 
‘was amuch more chaotic placethan the largely serene 
‘environment oftoday. Ancther planets thought tohave 
whacked into the Earthto formthe Moon for example. 
What's more, computer models of Solar System formation 
_workbetterifthere were more than four gas planetsto 
begin with Todays gas planets were the gravitational 
‘vctorsinthe Solar Systems chuldnood squabbles Planets. 
Nine and Ten should they be confirmed, were lcly buted 
Into far-Rungorbts, 

But why és itaking unt naw to find then? After ak, 
‘weve found more than 4000 planets beyond our Solar 
‘System. Wedon'tspotthose exoplanets directly we lok 
for changes inthe ight from the hast starsto infertheir 
presence. Fors toseea distant planet in our own Solar 
‘System, ight hasta trek from the Sum athe way out there 
and backtothe Earth fadingal the while Sotheyre on 
{the edge of what we can seen with correnttelescopes 
‘With the potentia Planet Ten the task seven tickier due 
‘oitstkely postion close tothe bright Milky Way. 

‘Should the planets be found. morethan adecade since 
Pluto was knocked ofits planetary perch, thetextbooks 
‘willneed npping upagain” 
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COMPUTATIONAL ORIGAMI TAKES A 
BIG LEAP FORWARD 


enceandan boundaries of the orig 
atthe minin 
0 totally different strate 
paper how to mal 
2 Iyou've ever u 
the creation of any 3D the water ¢ 
shap hoot of a giv 
MIT's Prof Erik Domaine has previou 
experience in this area: his 1999 PhD thesis the outer e 


described the same thing. The difference rim of the cup. Demaine’s old method 


are or sh cst win si 1,203 
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nal shoot of paper, and 
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for thinkin 
iron,” said Demaine 
plded a paper cup from 
olor, and ended up with a 

© of paper, that's the perfect 

example of how the new algorithm works 


p with a better way of 
bits, Or rather, they have creat 


of the circle ends up as the 


Tho tochnique could have practical 


s inefficient 


Dshape, applications in manufacturin 
in aroas such as d 


he amount of dosigning and building 


The distance Chinese 
researchers were able 
to successfully preserve 
quantum entanglement 
in a pair of photons ~ that's 
anew record, 
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The numbers of trees 
planted by 15 million 
volunteers in Madhya 

Pradesh, India in 12 hours 

in an attempt to combat 

climate change. 


5,100 


SQUARE KM 


The size of a giant iceberg 
that broke off an Antarctic 
ice shelf in the Weddell Sea. 
That's an area almost 
four times the sizeof 
greater London, 


aft, whe ils efficiency is of 


paper (or other mat required, The new spaces om 


hm, on the other hand, 


vesthe paramount importance 


The new orga algorithm 
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CAN ELECTRIC CARS SAVE OUR CITIES? 


As Volvo announces plar 


s to go all-electric by 2019, transport expert Ian Walker 
weighs up the environmental pros and cons 


stosucha 

dy worth the 

noise pollution, This is a far 
walth problem than you 

#, contributing to conditions 

sion, sloep disorders, and 


really as behavioural problems in children, But 


abave even modest spoods, the noise from 
trification 


cars is mostly from tho tyres, not the 
rch we've ca 
h, with colleagues from Trinity College 
Dublin, showed that even if v 
100 po 

Hardly ari 
But pe 


n advantage,and that is 


ino, R jod out at 


ons. Fumes from vehicles 


hore, althou 


benign. V 


est public health 

issue of our age is one that oloctrification 
‘e) CTRIC completely fails to addr 

GOING ELECTRI inactivity, The way we bulld and run our 
WOULD DO to 

dramatically, socially acceptable, to drive short 


There si tric NOTHING TO REDUCE distances, Atleast a quarter of 


tcondit 


‘and cities means that it’s easy, and 


CONGESTION” aking 
eal ci 
Mi vakiscentelighe Linqsatiy. _‘Givinihairpeiailitavadiagie=dnd quislschamper cla reat ddl Haale 


whicles have become lighter, the lack of urban pollution is ono that's and Loss oo 


isting if walked or eyelod, 


particularly appealing— it would beeasy The guilt-free nature of electric cars could 
ars need Ieee profecti to becom highly enthusiastic abou ‘even make this slightly worse, 
which makes them even lighter, so they iccars, Many already have There are certainly advantages toa 


need ev 


Governments mi 


wen betemptod to change like Volvo's, particularly when it 
ducing urban pollution, Butall 
joing offered at the moment is tho 
jo replace cars’ engines, not to look 
the way wo use cars in society, This 


further redu subsidise them to encourage a rapid comes 
uptake, But before we rush 


tric future, it's impo 


longinto we: 
nt to chane 
des too. 


that cars —both by ans that we fail lo work towards towns 
sign and by the way we nd citie . 
sociated with a broad and more welcoming, and we fail to free 
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2 bles that, at best, w 
than 


mmunities from thelr car 
ince, There’sa sense in which 

re old milk in new bottles, 
ould be ask 
adeed, it could Fundamental questions 
why w 


py taking out a combustion 


ny or windy, The engine and rep itwith an electric 


ric vehicles, then, motor, Goin, do nothing to 


10 reduce ox 
plausibly make itw 
driving starts to fee 


ravel rather than just what sort of 
es our cars have, 


ation also addross the 


here we store cars when they're rian walkers apsychologis at the Unive 
elastin by SO tobestored —and when you think aa aca sicsate 
‘new vehicles willbe slectricoe ad days. almost all the time, and ump 


ny hethisXC80 model 


COCKATOOS GOT RHYTHM 


ly be better known for thoir 
w research carried out by Prof 
rom the Australian National 
1U) has proved they can also bea 


Birds might g 
singing, butr 
Rob Heinsoh: 
University (Al 
dab on the 

The palm cockatoo — 
or great black cockatoa 
and to Australia’s Cape 
of untamed wilderness in the far north of 
Queensland. It was here that Heinsohn’s team 
were, for the first time, able to capture enough 
film of the reclusive species’ drumming 
behaviour, which had previously been reported 
anecdotally, for serious study. The foots 
obtained as part ofa wider study into th 
conservation needs, 

Heinsohn and his team at the ANU Fenner 


Iso known as the goliath 
tive to New Gu 
k Peninsula, an a 


bird's 


School of Environment and Society analysed 
worth of footage of 18 male 
118 of the birds 


sticks from branch 

and bai 

the while displaying to fe 
The icing on the cake is that 

tly sp 

like a human drummer would do. 
What's more, each cackatoo was fou 


hem on trunks 


faster or slower, and others introducin 
distinctive flourishes to the att 
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JUPITER’S GREAT RED 
SPOT CAPTURED IN 
UNPRECEDENTED DETAIL 


NASA‘s Jun 
goods yet 
photos 


probe has 


clivered the raging storm 1.3 times as wide 
in. This time, with Barth. It has beet 
ter’s iconic Great Red —_since 1830 and is believed to have 
were taken on 10 July n 350 yoars, 
were pieond Barly analysis of data taken by Juno 


\der observation 


existed for more th 


atists using _—_portrays Jupiterasa highly turbulent 
raw data taken from the JunoCam as world, with a complex interior 
just 3,500kmabove structure, 


probe 


gotic polar auroras, and 
net's cloud tops — the closest huge polar cyclones. 


object has come to For hundreds: 


4 id 
about Jupiter's Great Red 


fhe Juno 


mission since it launched,” said id Juno’s princi pal 


citizen scientist Jason Major, who investigator Scott Bolton. “Now we 
the ima st pictures ever of this 
0 see these new raw iconic storm, It will take us some time 


rive, But it to analyse all the data from not only 
JunoCa 
instrun 


as they 


is even more thrilling to take th 
images and turn them into s0 
that people can app 
what { live for 

suring 1 
Jupiter's Gre 


but Juno's eight se 
some new light 
and future of the 


ciate. That is ont 
3reat Red Spot 
ju 

will occur on 1 September 


okin 
Spot is a vast 


's next close flyby of Jupiter 


‘enhanced colour 
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THEY DID WHAT?! 


ROBOT TAUGHT TO 
COMPOSE MUSIC 


What did they do? 
omputer scientists at Georgia institute of 
the US have taught a robot to 


ce Its own musical piece: 
play them on the marimba — an instrument 
milar toa xylophone 


How did they do that? 


the robot - nicknamed 


gsto da 


uch al osand codas, Using de 
iques, its Al system ther 
material and s 


jes, tthen ‘wr 


Why did they do that? 


NEUROSCIENCE 


ABOVE Docomypter games 
make youmorevilent. or 
ast more diver? 
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challenging our “skills, making the nel 


perform at] 100 pei per cent of i 


— a. 


"Video games are continually Faas 


Do video games change the brain? Different studies have reached 


different conclusions, so Marc Palaus, a neuro: 


sientist at Spain's 


Universitat Oberta de Catalunya, reviewed the research 


Do video games affect behaviour? 

Video gamos are likely able to affect the way we 
behave in a number of ways. For instance, there's 
concern about whether violence in gamos makes 
young people more violent. I's not uncommon for 
hows outlets to blame games every time a crime 
happens, but how true is that claim? 

This is controversial oven within the scientific 
community. Yes, exposure to violence 
affect the brain, but studies have also found that 
‘we're good at distinguishing between real and 
virtual violence, and aggressive behaviour is 
better explained by other, 


wainly socio-economic 
factors. Numerous studies about the effects of games 
on the brain had been published, but all that 
information had not been put together until now. 


How did you review the research? 
‘We gathered all scientific articles to date and 
compared results. In total, we found 116 
experiments, the first from the 1980s, Many 
compared regular video game players with people 
who had never played; others trained people in a 
game for several weeks and studied its effects. 
Changes in the brain were measured using 
magnetic resonance imaging (MRI) or 


eluctroencephalography (EEG), which detect 
whether brain regions increase or reduce 
and how it affects their activity 


‘Are games bad for the brain? 
The cloarest negative impact is the risk of ab 
and addiction by people with predis 
ty traits, Video games can affect the 
reward cireuits, containing 
of the brain, This in turn could affect other brain 
functions in the frontal lobe, possibly affecting 
the capacity for planning, inhibiting 
distractions and mental problem-solving, 
Ga 
modes are the most assoc 
due to social i 


persona 


pleasure centres 


that heavily rely on online multiplayer 
i with addiction, 
tions being more rewardii 
mputer 


than just playing against thy 


Can games be good for you? 
Since video games usually display increasing 
levels of difficulty, they are continually 
challenging our skills, making the brain 
perform at 100 per cent of its capacity, res 
in effective cognitive training. 


Various mental functions seem to benefit from 


this effect. Of these, attention is the most 


process objects in our visual field, selecting those 
which are relevant and ignoring the rest 

Attention improvements positive effect on 
‘executive functions, m ocesses involv 
in controlling behaviour, solving problems and 
facilitating learning — functions that are closely 
linked to intellige 
Visuospatial skills —our 
capacity to process visual 
and spatial information 


are also improved. 


Can games be useful? 
Video games contribute to 
the correct functioning of 
improve it. So we 


ave to 
get rid of our prejudices 
and accept themas valid 
entertainment, This also 
opens the door to using 
gamesasa form of training 
inclinical settings 
especially for those with 
cognitive deficits. 


THE FORGETFUL 
Do you often find it difficult to remember what 
you had for dinner last night? You might be a 
‘genius. Canadian researchershave found that 
Jettisoning unimportant memorieshelps.us to 
focus on the most important information 


OFFEE DRINKERS 
Make mine a quadruple espresso! People who 
drink twoto three cups of coffee aday are 8 per 
cent less likely to die from heart disease, cancer, 
stroke, diabetes and kidney disease, ateam at the 
University of California has found. 


GOOD MONTH 


SMARTPHONE ADDICTS 

I you break out ina sweat when your 
smartphone’s out of reach, it may be timeto 
‘rethink your habits, A University of Texas team 
has found that having a smart device insight 
reduces our ability to focus and perform tasks. 


TEENAGERS 
‘Somuch for the vitality of youth! Researchersat 
the University of Baltimore have found the 
activity levels ofthe average'19-year-old arethe 
sameas those of people in their sixties. 


SLOW 


teenagers 


DISCOVERIES 


The new baryon partie 
contain two charm qerk 
Tied an up quark 


NEW SUBATOMIC PARTICLE 
DISCOVERED AT CERN 


Whata charmer: scientists working at the Large 
Hadron Collider have found a now kind of 
subatomic particle, The particle isa baryon (a 
particle consisting of three quarks) named Xi-cco+4 
and is part of family of doubly charmed baryons’ 
whose existence had previously been predicted by 
the Standard Model of particle physics, but never 
observed. The research, led by University of 
Glasgow physicist Dr Patrick Spradlin, was carried 
outat the Large Had ron Collider’s LHCb detector. 

All. the matter we see around us is comprised of 
protons and neutrons, which are baryons made of 
the lighter up and down quarks. Baryons that 
include the heavier charm, top, strange or beauty 
quarks decay almost instantly into protonsand 
neutrons, making them hard to detect. 

Many baryons have been observed with one 
heavy quark but Xi-cc+ is the first one that's ever 


INDING A 
NEW HEAVY- 
QUARK 
BARYON IS. 
OF GREAT 
INTEREST” 


been seen with two heavy quarks—in this case 
two charm quarks 

“The properties of the newly discover 
cot+ baryon shed light ona longstanding puzzle 
surrounding the experimental status of baryons 

two charm quarks, opening an 
ich of investigation for LHC,” 
radlin. The new baryon is around 
a proton or neutron, a 
twice that of a proton, 
Glasgow team discovered over 300 Xi-cc++ 
lurking in last year's LHCb data. 

“Finding a new heavy-quark baryon is of great 
interest as it will provide a unique tool to further 
probe quantum chromodynamics, th 
that describes the strong interaction, on 
four fundamental forces,” said researcher 
Giovanni Passaleva 


AUGUST 2017 


THINGS WE 


LEARNED THIS 
MONTH 


C 
‘COMPOUNDS 


yesurfaceof the Red 
Planets teeming with 
chemicals that could wipe 
out ving organisms, say 
researchers fromEdinburgh 
University. This finding 
atly reduces the chances 
‘of finding life on Mars. 


‘OUR BRAINS 
BENEFIT FROM 
PHYSICAL EXERCISE) 
Working outcanbe usta, 
beneficial for our brains as 
‘our bodies. Ateamatthe 
University of Arizonahas, 
found that taking exercise 
leadstoimprovementsin 
brain structure and function 
~aneffect thought tobe 
Linked to our evolution trom 
sedentary apestoactive 
hunter. gatherers 


CHILDREN WHO 


SLEEP LESS COULD 
AGE FASTER 
Telomeresare structures at 
the end of our chromosomes 
that shorten with age In 
nine-year-old children who 
‘miss out on sleep they are 
sigeificantly shorter than in 
kids who sleep more, a 
study at Princeton 
University has found, 


EARTH IS ON 
THE BRINK OF 
MASS EXTINCTION 
Overthetast century, Earth 
hhasundergone a decine in 
‘mammal populations akinto 
“biological annihilation, 
‘accordingto Mexican 
researchers Thisisdueto 
human overconsumption and 
‘overpopulation they say, 


‘LEARNING WINDOW’ FOR LANGUAGES 
AND MUSIC EXTENDED USING SINGLE 
BRAIN CHEMICAL 


Ifyou want your child to become fluent in 
ign languages, ar grow up to b 
pianist, then the advice has always been to start 
them as early as possible. There's a sound 
ic reason for this: children have a much 
greater capability for auditory learning than 
adults. But now, in news that will delight pushy 
rents everywhere, researchers at St Jude 
Children’s Research Hospital in Memphi 
Tennessee have managed to extend this 

learning window’ into early adulthood, albeit 
only in mice so far. 

‘The researchers used several different 
techniques to either reduce the brain's supply of 
the neuromodulator adenosine, or block the A1 
receptor that is vital to its function, Adenosine 
inhibits the release of the neurotransmitter 
glutamate, which is used by the auditory 


ancert 


nd languages than 
‘older peopl 

to extend tit 

capably toadults 


1us and the auditory cortex, the areas of, 
that process sound. With adenosine 
ty suppressed, the 
nusand cortex had more 


theb 
production and ac 
auditory thi 
glutamate to work with, Asa result, the adult 
mice with lower levels of adenosine exhibited a 
greater ability to differentiate between tones 
an adult mice in the conteol group, 

These results offer a promising strategy to 
extend the same window in humans to acquit 
language or music ability... possibly by 
developing drugs that selectively block 
adenosine activity.” said research lead Dr 
Stanislav Zakharenko. 

Be warned, though. Adenosine is also involved 
with sloep and suppressing arousal. So, ifyour 
Virtuoso violinist grows up to be an insomniac 
sex maniac, don’t come crying to us. 
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PREDICTING THE UNPREDICTABLE 


It's the end of the world as we know it, again. And [feel fine... 


onth, an event took place in 
Paris which signalled tho start of EOTWAWKL 
No, it's not a Maori festival; it’s something much 
loss fun: Tho End Of The World As We Know It 

In August 2007, a French investment bank told 
some ofits clients they couldn't get access to £1bn 
of their own money, While undoubtedly bad news 
for those involved, it didn't soem like a huge story 
for the rest of us. But what happened on that 
‘Thursday afternoon is now widely seen as the 
start of the Global Financial Crisis, 

Over the following year, trillions of pou 

walth evaporated, global financial institut 
nt bust and the world’s economy toetered on 
the brink. The cause was the discovery that vast 
financial bets had boon made by banks about the 
hoalth of US housing market. Bots that were 
complex, interconnected and, frankly, stupid, 
And when they started to go wrong, t 
‘consequences went global ~and ch 
the world forever, 

Now there's talk of EOTWAWKI coming 
around again, This timo, i's soaring 
‘consumer debt that’s prompting concern. 
From car loans to credit cards, levels of 
debt are soaring again, 

So, is The End nigh — again? 
Unlikely. Sure, there are lots of 
pundits predicting it, but then there 
always are, What they've missed is 
the fact that we really did @ nce 
EOTWAWKL in 2007, Not the end of 
the world as in Armageddon, but 
literally the end of the world as we 
used to know it 

Back then, many experts thought it 
was possible to make predictions 
about, say, the US housing marke 
‘and make bets ~and mon 
cordingly. Some even thought they 
could tell when the economy was in 
trouble, Not any more, Now, 
financial regulators and central 
banks are far more sceptical about 
‘economic forecasts and the 
roliability of financial models. Most 
have come to accept that another crisis 


ds of 


nge 


—S= = 
“WE MAY BE 
WITNESSING A 
REVOLUTION 
IN THE WAY 
HUMANITY 
DEALS WITH 
THE INEVITABLE 
UNCERTAINTIES 
OF LIFE INA 
COMPLEX 
WORLD" 
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is protty much certain, bi 's also pei 
much certain that no one can say with any degre 
of confidence when it will strike 

So, regulators now insist that banks keep a 
greater chunk of their wealth sitting in their 
vaults for when the inevitab 
have to undergo regular‘stress tests’ which 
simulate the impact of severe downturns. A close 
eye isalso kept on smartaleck bets of the kind 
that caused mayhem a decade ago. 

None of this is guaranteed to stop a repeat of 
07, but it does reduce the risk. And whon it 
aling with that’s as good 
as it gots, I's an attitude that's gaining traction 
elsewhere —and not before time. After spending 
decades and billions trying to predict natural 
disasters like droughts, storms and ear 
ing on 


lobal warming are also 
changing, Despite decades of effort, it's clear 
that elim still struggle with the 
licting the future in detail 
wo can't carry on the way 
ist act now to reduce the risk of 
disaster. That's» truth that ise 
the much-maligned Paris climate accord, 
which calls not only for reductions in 
greenhouse emissions, but also efforts 
toadapt toa warmer world. 
We may be witnessing a revolution in 
the way humanity deals with the 
inevitable uncertainties of life ina 
complex world. P a is giving way 
to adaptation. If so, it’s a case of back to 
the future. Our knuckle-grazing ancestors 
never kidded themselves they knew what 
the future held. They just adapted to 
whatever their gods hurled their way, from 
floods to Ico Ages. I's taken us 10,000 years 
torealise they were right. 
Still, better late than never. @ 


Robert Matthews = vs 


ty Sermngham 
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stvikes back 


sychi 


Dr Tony Saunders always looked 
after his health, so it seemed doubly 
unfair when he collapsed witha 
major stroke in the gym. 


Tony's family were worried that he 
could die, as stroke takes allife 
every 13 minutes in the UK. 

And it’s the leading cause of 
severe adult disability. 


Fortunately, with excellent 
treatment, Tony eventually 
returned to work. 


But Tony noticed that discussing his 
stroke made him anxious —he even 
started stuttering. 


Asapsychiatrist, he identified this 
‘as post-traumatic stress disorder. 
He then realised that, ontop 

‘of his medical training, he now 

had valuable first-hand experience 
of stroke. 


So Tony struck back by overcoming 


his anxiety, and giving talks to 
medical students. As a result, 


jatrist suffers stroke, then analyses symptoms to help others 


a new generation of doctors are 
supporting their patients with 
powerful new techniques. 


This is Tony's legacy. And now you 
can strike back against stroke too, 
by leaving usa legacy of your own. 


Stroke 


association 


Together we can conquer stroke. 


email 


or visit 
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iece of mind 


Neurozan’ isa comprehensive supplement with 
‘over 25 nutrients and amino acids to support your 
daily intake. Including pantothenic acid which 
contributes to normal mental performance. 


Also available is Neurozan’ Plus, which includes the 
original tablet, plus an Omega-3 capsule containing 
DHA which contributes to normal brain function 


MEAN MACHINE 


To kick off the’s 


ummer of Mars’ events programme at equipped with radio and GPS, Sadly it is only a 


the Kennedy Space Center in Florida, NASA recently concept according t the last information On 
Pe Eenea eer P unveiled an 8.5m-long concept Martian rover that NASA‘s website, the actual rover used in the Mars 

3 wouldn't look out of place in the Batcave. 2020 mission is likely to be similar in size and 

: “Tho Vehicle consists ofa detachable wear section appearance to Guriosty, the Sm-long rover that's been 
From @agpHolland & Barrett, Tesco, acai z housing a science laboratory, and a front section that’s busy exploring the Red Planet's surface since 201 


Waitress independent pharmacies 45| BK 
achealth stores wwwwneurozan.com Bi 
Aoetbtdncieae Soremenet 


INNOVATIONS: 


AUGUST 2017 


ose eco-friendly, amphibious 
trainers from Vivobarefoot and 
Bloom Foutn arv made entirely from 
rwconstituted algal biomass, which is 
harvested from waterways that have 
‘high risk of harmful algal blooms. 
Botlor than jelly shoos, any day! 


WANTED 


The SNES is back! Ava 
‘September, the SNES Classic Mi 
‘smaller than the original and eschews 
the cartridges, coming instead with 
21 pruloaded games including Super 
Mario Kart and The Legend Of Zelda. 
Nostalgic: fun awaits, 


Sony's ultra-compact Xperia 
Touch projector sends an 80cm 
touchscreen’ onto virtually any flat 
surface, and runs on Android so 
you don't e 


have to use a laptop 
with it though it has an HDMI 
input if you noed it. 
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Sphoro’s new loT-enabled Spider: 
Man toy will lot kids tag along on 
missions to battle villains — every 
choice they make influences 

the adventure, And unless he's 
installing updates, Spidey stays 
offline, so he's safe from snoopers. 


If privacy and security are concerns 
for you, Purism’s Librem 13 or 
Librem 15 could be just the laptop 
you're looking for. It has a bespoke, 
security-focused Linux operating 
system, and kill switches for Wi-Fi 
Bluetooth, mic and camera. 


The contraption may look like 
an exhibit from Scotland Yard's 
famous Black Museum but it’s 
‘actually a headphone amp. It's the 
perfect gift for the death metal laver 


who has everything. But at £5,000, it 
ain't cheap! 


INNOVATIONS: GUST 2017 


ON THE ROAD TO SMART CARS 


With 3D scanning, gesture control and a touchscreen key, is BMW's new 5 series 


the smartest connected car yet? 


PRICE: FROM 


TECHNOLOGY 
PACKAGE: £1,4 


REMOTE CONTROL 
PARKING: £ 


DRIVING ASSISTS: 


ENGINE E 


POWER ‘ON 
@ 4000 First off, the iDrive system is brilliant. It's instant 


GEARBOX: 8-SPEE 


OFFICIAL MPG: 
CO, EMISSIONS: 


solf-parking, to cre 
Luckily a bright yell 
0 from there 


This is the t 
the 


INNOVATIONS: 


NEVER MIND THE PESTICIDES, 
HERE’S A BUG-ZAPPING FENCE! 


Farmers under pressure to reduce chemical 
pesticides can take heart from the news that the US 
Department of Agriculture is about to start trialling 
adevice that can kill insects with alaser, 

Developed by Seattle company Intellectual 
‘Ventures Lab (IVL}, the ‘Photonic Fence’ isn’t really a 
fence at all, but a small box containing lasers, 
‘cameras and an Al computer system. The cameras 
scan the air around the device for 100 metres, and the 
Al system measures the shape, speed, acceleration 
and wingbeat frequency of any bugs detected, to 
establish which are potentially harmful. Any insects 
identified asa threat can then be zapped by the lasers, 
with a ‘kill rate’ of up to 20 insects per second, 


By deploying several such devices, farmers could 
effectively create a virtual fence around their crops 
that kills harmful pests but leaves bees and other 
beneficial or harmless insects unharmed. 

As well as protecting crops, it's hoped the Photonic 
Fence could also prove useful in the fight against 
malaria, by eliminating only the Anopheles 
‘mosquitoes that spread the disease without 
upsetting the balance of the local ecosystem in the 
way that blanket use of chemical pesticides would. 

‘The US trials will begin in August. Ifthe device: 
proven to work, then IVL hopes to bring a 
commercial product to market, though that will still 
be some years away. 


HYPERLOOP FOR THE UK? 


Hyperloop One has announced its Vision _ One of these routes would link Cardiffand 


F jes sfor Glasgow, via Bristol, Oxford, London, 


Hype tation systems in Cambridge, Nottingham, Newcastle and 
main ad the UK Edinburgh. For this route, Hyperloop One 
F by Elon Musk in 2012, has been working with engineering firm 
Hyperloop isa hybrid electric/magle AECOM. A second route, dubbod th 
yste ned to shift people andcargo —_ Northern Arc, has been proposed in 
ng distances at very high spoods, by association with architects Ryder and 


cing them in pressurised pods that trave 8 ng firm Arup, and would link 
" tubes in which a partial vacuum is Liverpool to Glasgow via Manchester, Leeds, 
res panies Newcastle and Edinburgh. Finally, the 
jentists and engineer North-South Connector route, which ha: 
to develop Hyp been developed in association with students 
g Hyperloop One and faculty at the University of Edinburg! 
port Technolo and Heriot-Watt University, would link 
London and Edinburgh via Manchester a 
costar trains in Birmingham. 
ss-Channe hree of the routes are, it should be 


s, Hyper tions at 


tive g 
linking this stage. But the fact that so many lead: 


n For Europe proposes 
Corsica to Sardini 
Finland. There are als 
Germany, Poland and t 

las three in the UK 


ne Hyperloop 


around the world are taki 


CODING FOR GiRL SCOUTS 
Ginlcouts in the US can now 
‘earn badges for coding, 
hackingand cybersecurity 
awareness, The new badges 
have been introduced in 
bid to encourage more 
young women to pursue 
careersin the ITsector 


CITIZENS OF SPACE 
Asyardia,a'virtual nation’ set 
upbya Russian scientstast 
year, already has some 
200,000 citizens, And now it's 
launching ts own small 
elite whereall those 


citizens data willbe stored, 
along with Asgardia's 

flag, constitution and 
1B-month calendar, 


TEMPERANCETAG 
Police in Lincolnshire are 
trialling aleg-mounted tag 
that instead of trackingthe 
movements of low-level 
offenders, monitors theit 
alcoholintake.t'sdesignedto 
censure offenders stick to 
bbooze-free conditions 
imposed aspartofa 
community sentence. 


31 


INNOVATIONS. 


HEALTH 


A HEADBAND T! 
TREAT DEPRESSION? 


headband that 
relief from the 


cranial direct 
current stimulation (tDCS). Here, a low. 
electrical current is applied to 

eas in the brain via 

placed on the skull 


and a 2016 
hundreds of studies concluded that it's 
ible or probabl: 
nt for depres: 
equipment can stimulate 


electrodes in the headband 
frontal lobe, an area whe 


DIY solution: 


Medical School, and at 1 
South Korea. Eat 


HELICOPTERS: 
NOW WITH 
WINGS! 


The craft 
of high-spee 
on urban centres (such 


Institute of Continuing Education at Madingley Hall 
—Part-time courses, lifetime benefits 


UNIVERSITY OF 
& CAMBRIDGE 


Study Science part-time at the University of Cambridge 


Your chance to study part-time with 
one of the world’s leading Science 
universities in 2017/18. 


Choose from Certificate courses in 
Evolutionary Biology, Genetics 
and Cognitive Psychology. 


Learn from leading Cambridge 
lecturers and researchers in the 
beautiful setting of Madingley Hall. 


Our courses are open to everyone, 
with no formal entry requirements. 
Apply by 4 September 2017. 


www.ice.cam.ac.uk/focus | enquiries@ice.cam.ac.uk | +44 (0)1223 746262 


THE OLD 
OPERATING 
THEATRE 


eer i 4 N 


century church, once a part of the old St Thomas’ Hospital 


pesthetics and antiseptic, and the ginal 


pheric museum holds a fascinating collection of 


¢ insight into 


nedicine and surgery inthe remains of one of 
London's oldest hospitals. 
Weekly talks available. 


e000 


‘TERS MAY BE EDITED FOR PUBLICATION 


REPLY 


Your opinions on science, technology and BBC Focus 


| urssaon or ra wonTy 


Brushing up 
I was fascinated by your article about the work of 
Prof Richard Muller on the origins of tim (May 
38), [like the dea that tine Is made asa soles of 
ows’ as space-time expands following the Big 
Bang, With new spac 
into being. It occurred to me, though, that there 
th the last one 
This would have a bearing on the current work 
on dark onorgy and tho apparent acceleration of the 
a ofthe Universo, If, as space expanded, 
slightly smaller over weoas, then the expansioa of 
the Universe might not actually be speeding up, 
but only appear tobe, Objects moving at a steady 
sped through successively smaller chunks of time 
ld appoar to be acceleratl 
0 we noed dark energy to explain this, or could 
it just bo an artofact ofthe creation of timo itself? 
Tim Curthew-Sanders, London 


ach new ‘now’ to be 


© Your ideathattime isnot only created, as Prof Muller 
ggests, but alson variable amounts intriguing, but 

toofar-at 
ars the idea of allowing 


1 Itas acompllcat 


suspect many theorists will 


this stage, atleast. Over the y 
fundamental properties ofthe Universelike dark energy, the 
strength of gravity and the speed of light to vary with time has 
been studied, but tono real benefit. ~ Prof Re 

BBC Focus science consultant 


Matthews, 
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arthew Sanders 


Ontheflipside 
Ina recent ‘Q&A’ (Summer, p86) 
you answered a question by Coco 
‘Shang that indicates that work 
was stil going on into the reason 
for toast to usually land butter Trying tyres 
side down on being dropped. Helen Czerski presents us with an 
This i nd interesting puzzle in b 
surely any school boy will tell you : column (Summer, p76). May I 
that the usual reason for th suggest the following expla 
-currence is that the toast From her description, th 
was probably buttered 
‘on the wrong side in 
the first place. 
Peter Duckworth 
Ceredigion 


Re: the ‘Q&A’ 
auestion \ 
about toast 
Trecommend 
ALL scientists to 
read the excellent 
book Eurekas And 


always foll butter-side up. He only 
discovered lator that his children 
buttered BOTH sides of their toast! 
Stuart Ching, viaemail 


an old chestnut, latest 


nail seems to have 
entered through the 
thickor, treaded 
part of the tyre, 
and then pierced 
the thinner 
next to 


sidew 
the rim. 

When first 
fering the tyre, 
the nail would 
drag after it a cone 
of stretched rubber 


Notyres ware harmadin 
thetakingefthispicwre from the inner Lul 


Euphorias by Walte a. 
Gratzer. On page 45, he Helen suggests —a skirt 
describes a US scientist around the nail. On 


exiting the other side, the nail 
would not be able to deform the 


investigating this very problem, 
who found his children’s toast 


nor tube to the same extent, as 
Id be supported by the outer 
ng. Also the nail would not 
travel as far through the exit hole 
as it had thi 
Once the hi 
flush with the tyre tread and the 
wheel rolled forward, the nail 
would be drawn back out very 
slightly due to the skirt at th 
entry point being greater, and 
therefore stronger, than that at the 


1 internal rubber skirt at 
would still be 


exit point but th 
‘enough of tl 


entry point to maintain the se 
During the remainder of the 

the nail head 

ground it would be pressed 


journey, every tin 
hit th 
in flush a 


immediately pop back out, The 
movement would be very small 
‘espocially with high pressure in 
on at th 
point of road contact would be 
minimal. Itappears this very 
slight movement was not enough 
to cause the seals to fail although, 
as Helen says, you have to wonder 


the tyre, and deforn 


Shepingtrees 
(uly 2006) went 
‘down with 
thereearch 
team mvolved 


how much farther (not further!) it 
would have held up, 
John Pawson, via email 


INUSON TWITTER. @sclencefocus 
v 


(@crawtordcharm shared our excitement for 
drone-hurtingeaglesin the Summer sve 
France snaminggoldeneaglesatter 
drones. Let us be more ike France” 


Researcher basdinkey lt us know our 
iMustrationfor his tre-sleep research wason 


themoney "Thanks @RaaLockey forthe plc 
thats exactly what we dd Proudtobe 


afocuslsted MUDAR mee pingtrees" 


Referencing our ontine interview 
Joncefocus.com) withthe Angry Chet 
(@dalohardy sat: "k's so good tasee a chet 
Shouting 


success at somethingother than 


rrunions.o odd food combos. t's 


Follow the 68 Focus tam @xclencafocus 


Heute pty 
tbahing ort 
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THE NEWS IS NEVER SHORT OF 
HEADLINES TELLING US THAT 
ANOTHER RESOURCE IS ABOUT 
TO RUN OUT. BUT ECONOMIST 
AND CONSERVATIVE PEER MATT 
RIDLEY ARGUES THAT HISTORY 
SUGGESTS OUR FUTURE MIGHT 
BE BRIGHTER THAN YOU THINK... 


S 


OPINION 


“HERE WE ARE IN THE 


2010s WITH VAST PROVEN 


RESERVES OF OIL” 


© OF Population, For the next century land w 
indeed scarce, Humanity only expanded by 
putting the plough and the cow on to the prairies, 
the steppes, the pampas and the outback. 

Yot tho area of land needed to support an. 
individual human shrank dramatically in the 
20th Century, as tractors replaced horses; coal and 
oil replaced wood fuel and hay; and synthetic 
nitrogen fertiliser (fixed from the ait) replaced 
‘manure grown on other land, Since 1960, the 

age of land nseded to produce agiven quantity 
of food has gone down by 68 per cent. Prof Jesse 
Ausubel of Rockefoller University calculates that, 
even with conservative assumptions for 
population, technology and economic 
development, humanity will be able to release ut 
Toast 146 million hectares from farming over 
next 50 
size of ¢ 

‘Such land sparing is already happening in many 
rich countries: New England is now mostly forest. 
whereas it was once mostly farmland. Meanwhile, 
the United Nations Food and Agriculture 
Organization said in 2015 that not deforostation 
has just about ceased: "The net annual rate of 
forost loss has slowed from 0.18 per cont in the 
early 1990s to 0.08 per cent during the period 
2010-2015", 


BURNINGISSUE 
In the late 20th Century, fossil fuels were thought 
to be in danger of running out, As long ago 
1865, the economist William Stanley Jevons 
predicted that the coal on which British industry 
depended would soon run short. In his pamphlet 
The Coal Question: An Inquiry Concerning The 
Progress Of The Nation And The 
Probable Exhaustion OF Our 
Goa! Mines (1865), he wrote that 
“Itis thence simply inferred that 
we cannot long continue our 
present rate of progress”, He 
went on to say that British 
people “must either leave the 
country in a vast body or remain 
here to create painful pressure 

| poverty”. 

‘This led to the ‘coal panic’ of 
1866. With the encouragement of 
political economist John Stuart 


np William Gladstone (who li 
minister) promised to start paying 
ial debt while coal lasted, citing 
's “grave and urgent facts”. Something b 
one badly awry in Jevons's assumptions, 
waver, Today, the world is consuming over 30 
times -oal each year than it did then, yet the 
nount of remaining coal is sufficient to last 
thousands of years at current rates of use. Under 
the North Sea alone, there are billions of tonnes of 
it, We are likely to stop using coal long before we 
run out of it 

Oil was th 


ext resource thought to be in 

imminent danger of exhaustion. In 1914, the 

United States Bureau of Mines predicted th 
orican oil rose 

1939 the Depart 
erican oil would last 13 years. President 

d in the 1970s that; “Wi 


unproven ones, 
thanks to new technologies for extracting it 

as was long thought to be the scarcest of the 
fossil fuels, but not any In 1962, M King 
Hubbert, a widely admired expert on fossil fuel 
reserves, predicted that gas production in the 
continental United States would peak before 1980 
and by 2020 would have fallen to minimal levels. 
In fact, today, natural gas production is at record 
levels, thanks to shale gas. 


SHORT SUPPLY? 
The track record for other 1 
1970 Scientific American published an article by 
distinguished nuclear chemist, Harrison 
Brown, who argued that we would haye run out of 


norals is no better. In 


i 
g 


0s of lead, zine, tin, gold 
s later a similar prediction, verified by 
wr model called World3, appe 
best-selling book titled The Limits To 
The book argued that increasing use could 
exhaust known world supplies of zinc, gold, tin, 
copp by 1992 and would 
cause a collapse of civilisation and population in 
the subsequent century 

But a quarter of a century after that deadli 
the world is extracting as much 
zinc, copper and gas as it did in 1992, and almost 
15 times as much gold and oil. The Limits To 
Growth was very influential, however. Scho 
textbooks were soon echoing its predictions: 
“So d's known 
supplies of oil, tin, copper, and aluminium will 
be used up within your lifetime.” said one. 

In 1990 the economist Julian Simon won 
$576.07 from the prominent environmentalist 
Paul Ehrlich in settlement ofa bet. Simon had bet 
Ehrlich that the prices of five metals (chosen by 
Ehrlich) would fall during the 1980s. Ehrlich had 
accepted “S 
greedy pe 


suppl dd silver by 


scientists estimate that the w 


mon's astonishing offer before other 
ple jump in” though later claimed he 


was “goaded” into taking the bot, while 
ungenerously growling about Simon: “The one 
thing we'll never run out of is imbectles 

Yet the failure of these doom-mongering 
forecasts has not deterred others from making the 
same mistake, In 2007 New Scientist predicted 
that the world would run short of indium and 
hafnium by 2017. I has not happened, and the 
price of those motals shows no sign of impending 
scarcity, When I read a story about a mineral 
running out, I look up its price history. it's not 
getting rapidly dearer, then those in the know 
clearly don't think it is running out, The indium 
price has halved since 2007, while other rare 
earth elements have fallen even further. 

The mistake was to assume that because the 
reserves of these metals were small, they would 
not last. But hafnium is produced asa by-product 
of zirconium mining — so there are no reserves. 
Tim Worstall. a rare-earth dealer, could not 
conceal his disgust: “The idea that we're going to 
run out of hafnium, gallium, terbium, or another 
oft-mentioned, germanium, could only be 
advanced by paople wallowing in their own 
purblind ignorance. There's not the slightest © 


Apoveverr 
‘Ute tte 
1960s coal 

wacthe UK's 
imalnenerty 


‘Bove on 
pumps at 
Sunetin 
California 


‘OPINION 


BOVE Oltsand 


‘extaetthan 
‘onwentionaoil 


laments 
‘btalned during 
thesmelting of 
Hincores. ti 


© possibility of us even running 
fa bit short of any of them for 
thousands of years.” 

Still tho predictions of 
oloments running out kept 
coming, In 2012, Jeremy 
Grantham, a financier who funds 
climate change pressure groups, publish 
oditorial in Natura, “Thon there is th 
shortage of two fertilisers: phosphorus 

nd potassium (potash 
two elements cannot be made, cannot be 

substituted, are necessary to grow all life forms, 
and are mined and depleted. Ita scary set of 
statements... What happens when these fertilisers 
run out is a question I can't get satisfactorily 
answored and, beliove me, I have tried. 

He cannot have tried very hard. These two 
oloments are never used up, they are just 

transferred from mines to farms. The highest- 
grade ores may run out, but there are vast 
quantities of lower-grade ones down to and 
including the stuff that has already been used and 
has ended up back in the sea or the soil 
Grantham’s mistake was to confuse reserves with 
resources, It takes money to turn @ resource into a 


reserve, so companies that mine phosphorus and 
potassium don’t prove more reserves than they 


‘This example reminds us that the distinction 
between renewable and non-renewable resources 
id. A phosphorus atom is renewable — 
you can use it over and over again. I's possible that 
‘one or two of the trillions of phosphorus atoms in 
your DNA were in Leonardo da Vinci at some 
point. Imagi od: the sewage 
re it fuelled 
phytoplankton that got eate fish, which 
‘migrated south through the and got eaten 
th lané 


was mined in the 19th 
ko fertiliser that was sproad 
English f 
recycled through 
ms of plants before 
ng up in you, via a burger 
Whales or woodlands, by 


indeed capable of running 
After killing hundreds of 
wusands of whales in 
Dentury, we 
ne loft, then 


streams and. 
throughout t 
rously short of 


passenger pigeons, whito-pine forvsts, 
‘cows — while no inorganic resource has even com 
close to running out: not oil, gas or coal 
copper or phosphorus; not limestone, gr 
sand. A sesaid, the Stone Age did 


To sustain our current lifestyle, we humans 
require 1.4 planets’ worth of resources. That's © 


“WHALES OR WOODLANDS ARE INDEED 
CAPABLE OF RUNNING OUT” 
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OPINION 


© the number calculated by the Glob 
Network, which defines the ecological footpr' 
“A measure of how much biologically productive 
land and water an individual, population or 
activity requires to produce all the resources it 
4 to absorb the waste it generates 
using provailing technology and resource: 
‘management practices.” In short, we are 
consuming the Earth's store of food, fuel and fibre 
14 times as fast as it ean be replenished. But upon 
examination this number is misleading, almost to 
the point of dishonesty. More than half of it 
consists of the land that would be needed by each 
porson to plant trees with which to absorb their 
‘own carbon emissions, Ifyou take the view that 
wo can cut emissions, or find better ways to 
sequestrate then n cope with at least some 
increase in thom, then the footprint shrinks and 
‘we are living well within our ecological means. 
Environmontalists use « formula called IPAT 
impact = population x affluence x technology. The 
‘more poople thore are, and th they areand 
the more technology they have, the more damage 
they do to the environment. But this cannot be 
right, Human impact has been decreasing in rich 
-ountriesas a result of new technology. 
For example, by switching from organic to 
inorganic resources (diesel instead of hay 
concrete and glass instoad of wood: plastic instead 
of leather), we reduce our footprint — that is to say, 
the amount of land the average person needs to 
support their lifestyle, By using new technology 
we shrink our requirement for land and water. 
Lot's compare a person who has plastic seat 
their car say, with someone who has leather seats. 
‘The plastic footprint is the area occupied by the 
oil well, the refinery, the plastic factory, the car 
factory and so on, divided by the number of 


LEFT More 
productive 
Farms could 
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customers they supply. The leather footprint is the 
farm on which the cow lived. plus the various 
abattoirs and factories that processed the leather, 
again divided by the number of people who were 
supplied. Broadly speaking, the farm dwarfs the 

her footprints because it takes several acres of 
grazing per cow and therefore per customer, In the 
‘ase of fuel, the energy density of an oil well, in 
Watts per square metre, is thousands of times 
higher than that of a wood 

tis no accident that wolves are i 
docreasing and tigers holding the 
livein rich countries, lions live in poor countries 
nd tigers live in middle-income countries, 
‘The opposite theory to 1PAT is ‘sustainable 
intensification’ also known as eco-modernism: 
the idea that the more productive we make our 
farms, mines und factories, the less we need to 
purloin from wild nature, Thanks to irrigation and 
fortilisor, including the effect of extra carbon 
dioxide on global greening, humankind increases 
the productivity of many parts of the plan 
fas we pinch a big chunk of that productivity for 
‘our own needs. It is therefore possible to imagine 
that a century of two hence we could have nine or 
ten billion prosperous people on Earth, but just as 
much forest and wildlife as if we wore not here at 
all, We might even have brought extinet species 
back. If we can read the genome of Steller's sea 
cow from its bones, then we might be able to 
rovive it. 


‘Matt Ridley s a Conservative peer nthe House of Lords 
iso a colurnnist for The Times, economist and author 
His famly leases land for coal mining in Northumbe 
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AN ALTERNATIVE VIEW 
Richard Heinberg is a senior fellow at the Post Carbon Institute. He argues 


that right now we have an opportunity to alter our planet's future for the better, 
but we could miss it if we don't act quickly enough 


Anti-environmentalists often usea 
talk their way around resource limits, First, 
bby cherry-picking afew instances where predict 
scarcity didn't pan out, Second, use the shaky 
foundation of these failed predictions to dismiss 
scientific evidens about source limits. Third, advance 
the secluctive idea that we don’t have to change our 
behaviour because machinesand markets will solveall 
environmental problems. 

‘That last point sounds too good to be true, hncause it is, 
While wo'll technically never run out ofnon-renewable 
resources, theroare mal impacts from depletion. The 
‘harvesting of Earth's non-renewables follows the low- 
‘hanging fruit principle, Extraction industries targot 
resources that are easy toget. As these areexhausted 
‘miners go deeper and move to lowor-quality resources 
thatare often more abundant. But these entail higher 
‘energy and monetary costs.and worse environmental 
impacts. Well reel from those ensts and impacts long 
before weire down to the last molecule of any resource. 

‘Theoil industry offers an apt example. Decades ago, 
drillers focused on petroleum deposits located onshore 
at moderate depth, that were cheap totap. With few 
exceptions, goologistsno longer find such deposits. The 
industry focuses instead on deepwater oil, arcticoll 
bitumen, and ‘tight oi that's produced by fracking. 

‘These resources are more 
stract and bring 
worse ecological impacts, 
including spills in the 
‘environmentand the 
‘consumption of other resources 
(Gor example, waterand sand for 


part strategy to 


yields less net enengy for 
society. Meanwhile, the oil 
industry's profits are declining 
and its debls are soaring. From 
the industry's perspective, the 
solution would be higher 
prices, but high ail prices 


ddepross the overall economy, reducing demand, There is no 
Jonger an oil price that works for producers and consumers 

Why not recycle all non-renewable resources? Weshould 
sy try, ut recycling is no panacea, Son 
recyelingistoo hazardous, such as when products contain 
toxicchemicals, Sometimes there's little that can be made 
froma synthetic material after first use, as with many low- 
grade plastics. Recycling often has prohibitive energy or 
‘monetary costs, Some matorials (including phosphorus in 
fortilisors) becom so dispersed that collecting and 
recyclingthem would be impractical, 

Depletion of non-renewables contributed tothecollapse 
of past societies. Today, we extract and consume resouraos 
at farhigher rates than any previous civilisation. Thisis 
possible due to cheap energy from fossil fuels, which 
‘enables us to ming, transform and transport other msourcos 
inever-greator quantities, even as resource quality deci 
But fossil fuels arm deploting too. Somo say it wan't bo easy 
torun industrial societies without extracting ever more 
nwable msoures. Yot we have no choin, Depletion 
will bite harderevery year until we make weyeding non- 
renewables easier, use fewer toxics, and transition to 
renewableresources for most purposes, especially for 
«energy. Once the transition is accomplished, we'll no longer 
bevulnerableto the economic and environmental 
consequences of non-renewable resource deplotion, such as 
climate change and pollution, Wind and solar power is, 
often cheaper han electricity from fossil fuels, and the 
publicoverwhelmingly favours renewablesand recycling, 

‘Opportunity waits, but not forever, @ 


HAVE YOUR SAY 


Who do you agree with? Getin touch on 
our Twitter page @sciencefocus, orsend 


an email toreply@sciencefocus.com 
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WORDS: ANDY RIDGWAY 


PREDICTIVE 
POiGING 


CAN WE PREDICT CRIMES BEFORE THEY HAPPEN? 


HEAD CAM 5126 
OFFICER BODIE DOYLE 
HOLO AR: A€TIVATED 


USED NEURAL IMPLANTS 
STATUS: ILLEGAL 
MEALTM RISK: SEVERE 


AUGMENTED 
CRIME 
SCENES 


EXTRAORDINARY EVIDENCE 


Even the tiniest scraps of evidence can help to catch a criminal 


GUNSHOT FORENSICS 

Gunshots ring around a city centre street. One man lies dead in the road and another tells the 
police he fired his gun in self defence after being shot at. No one saw what happened. The one 
thing the police do have is video footage from a mobile phone, while it doesn'tactually show the 
shooting, the sounds of the gunshots have been captured. Dr Robert Maher at Montana State 
University s the man to call. By firing assorted weaponry near a semicircle of 12 microphones, he 
has developed a database of soundwaves produced by different guns. The aim s toenable 
different gun types to be distinguished from a sound recording, helping police unpick exactly 
what went on in cases like our shoot-out. 


GENETIC } SCENT OF 
MUGSHOTS A VILLAIN E.cOLI 


Soon, drop of blood could Inthe future, could vanishingly GENOME IDENTIFIED 

provide forensic scientists with smalltraces of perfume ot SUSPECT ORWIN ALBANT 

all the information they need to aftershave on a shirt could be 

draw the mugshot ofa suspect enough to bringan attacker to 

Researchers are startingto Justice? Fragrances are ARMED ROBBERY 

establish how our genes shape notoriously ficultto detect ABIRAVATERIREMAL 

‘ur faces, and ifthey manage to because they are made up of 

hone their techniques enough, it volatile molecules that evaporate 

would mean that they could rapidly. Buta team led by PhO VIEW FULL PROFILE? Y! 

recreate a person's sage student Simona Ghergel at 

from a tiny ONA sample, Dr Mark University College London has 

Shriver,an anthropologist at ; found thatthe cocktail of 

Pennsylvania State Unversity. is compounds that make up 

onthe case. Working with Or perfumes can be transferred 

Peter Claes, an imaging specialist between dthesand 

in Belgium who captured - subsequently detected. The 

three-dimensional images of highly sensitive detection 

‘over 600 volunteers faces, he technique sknown as gas 

analysed a bunch of genes and F chromatography-mass 

was able to pinpoint 24 versions, spectrometry’ none test, when 

or Variants of 20 genes that twofabricshad been in contact 

would help with predicting for just one minute, 15 outof 44 

someone's facial shape, fragrance components in amale 
cologne were found. 
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WHAT'S IN A HAIR? 

Give a strand of your hair to Dr Gien jackson at West Virginia 

University and he can tell your age, sex, what you eat and how 

much you exercise. For police with litte to go on froma crime 

scene other than afew bits of hair, this information can be 

gold dust. Jacksonandhisteammeasurethe ratio of isotopes = 
atoms of the same element with different numbers of 

‘neutrons — within the 21 amino acids found inkeratin, the 

‘main component of hair. So far, they have found 15 isotope 

ratios that provide a window into who someone is. 


EARTH 


‘With its spectacularly 
spiky body armour, this 
crabwasimmensely well 
protected asit stalked 
around onthe seabed. 


absorbs red ight. “You 
loseit [red tight pretty 
‘quickly a you godown, 
s0 everything becomes 
blue” says Bray. This 
means that red pigments 
appear black, which 
would have made the 
crabincredibly difficult 
to spot. Most deep-sea 
animals haven't evolved 
redvision-an added 
bonus forthis 
crustacean, 


FOR THE FIRST TIME, 
SCIENTISTS HAVE 
EXPLORED THE DEEP SEA 
OFF AUSTRALIA, 
REVEALING A WHOLE NEW 
WORLD THAT'S FILLED 
WITH BIZARRE CREATURES 


EARTH 


Two menacing izardfish were collected on the tip, roma depth of 500m (16 
smiles), "ithas just nasty, nasty teeth," says Bray Huge eyes help them detect the 
{aint glow of bioluminescence, which is a form of light made by many marine 
animals. Lizardfish are hermaphrodites, which means they haveboth female 
and male sex organs. This isa great reproductive strategy in the vastness ofthe 
‘deep sea, asthe fish don’t have to worry about finding apartner ofthe opposite 
‘sex when they want to reproduce - any member ofthe same species wil do 


d GELATINOUS CUSK 
Tis fish lives in the permanent dark and has tiny eyes that may not work well 
‘Yet somehow, itfinds mates nthe inky depthsand gives birth to live young, The 
research team found another cusk eel species, which they nicknamed the 
faceless fish’, But it turned out not tobe new to science. Thespecies had 
previously beencallected 140 years ago inthe northern partof the Coral Sea, on 
thehistoric voyage of the British ship HMS Challenger, the world's frst 
‘round-the-world oceanographic expedition. Thenew specimen isalready on 
display tothe publicat Museums Victoria. 


co ECUTTE! RKP 

These fearsome sharks are rarely seen alive, but are mostly known from the 
ircular wounds they leave in theirprey (hence theicname). They spend their 
<aysin the twilight zone’, 000m down, then rise up atnightto hunt in 
shallower waters The sharks measure about half metre in length, and latch 
‘onto large fish, dolphins and whales, before slicing outa plug of flesh with their 
razor-sharp teeth Coohiecutters glow in the dark, which eliminates their 
shadow inthe dim blue light ofthe twilight zone. A dark band ontheirskin may 
fo0l their victims into thinking they resmaller prey fish, which lures them 
within striking distance 
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v PEANUT WORM 


« BATFISH 


EARTH 


These invertebrates belong tothe same group as anemones and 
corals. They have tentacles and stinging cells, called nematocysts, for 
‘snagging small prey. Unlike more familar reef-bullding corals, 
coralimorphs don't secrete. calcium carbonate skeletonand they 
don't form colonies. Countless other spineless creatures were brought 
‘up inthe expedition’s aampling nets, and preserved specimens will be 
sentaround the globe for experts to fully identify. But i's stilltoo 
soontosay how many species are new to science. “Intermsof 
invertebrates that’sa fair way down the track,” explains Bray. 
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IN FOCUS | CONSCIOUSNE 


Panpsychism — the idea that all matter, including rocks and 
particles, is conscious — is growing in popularity. Why? Because 


this theory may answer one of the biggest questions in science 


WHERE 
DOES 
CONSCIOU 


'S: PROF YUJIN NAGASAWA 

phy at the University of Birmingham. His new 

A Very Short Introduction will be out in November. He 
(wets from @yujin 


Yujin isa profe 
book Mirac 


IN FOCUS | CONSCIOUSNESS 


‘According to 

one version of 
panpsychism, 
everything in the 
Universe — including 
people, trees, rocks, 
clouds and even 
subatomic particles 
— is conscious because 
consciousness is a 
fundamental 
ingredient of reality” 


ack: rite 
the brain works and wha 


psychism may offer a 
solution to one of the 

est mysteries 
concerning our existence 


mpanied 
And why ¢ 


IN FOCUS 


CONSCIOUSNESS 


© exist in the first place? Physical sciences soe 
unable to answer these al questions. To 
use a metaphor, the mystery of consciousness is about 
explaining the ‘magic of turning the water of material 
processes’ into the 'wine of conscious experiences 
Many scientists and philosophers have tried ane 
failed toexpose the trick for a long time, 

Panpsychists try to solve this mystery by appealing 
to the radical hypothesis that everything in the 
Universe, including the subatomic particles of the 
brain, is conscious. They say that ifthe constituents 
of the brain are already conscious, then itis not much 
ofa stretch to suggest that they give rise toa full-scale 
human consciousness when they are gathered and 
arrang ty. is nota 
surprise that the ‘wine of consciousness’ is produced 
from the 

already contains wi 

‘So what is the consciousness of subatomi 
particles? Panpsychists do not necessarily say that 
these particles have conscious experiences in the 
same way that humans do, Particles have no sensory 
apparatus such as eyes orears, so they do not enjoy 
visual or auditory experiances as we do: they must 
‘encounter somothing much more primitive, That is 
why some panpsychists call the consciousness of 
theso entities ‘protoconsciousness’ Physical sciences 
postulate many fundamental features of the Univer: 
such as space: s, charge and spin, These 
foatures are fundamen use they cannot be 
plained in terms of more basic: featutos 
Panpsychists say that the consciousness of subatomic 
rticlos is comparable to those fundamental 
matures, They are the ultimate building blocks of 

reality that ground our fully fledged consciousness. 
Panpsychism offers a simple yet elegant solution to 
the mystery of conscious onsciousness is not a 
miraculous phenomenon that arises out of nothing in 
the brain, but something that exists everywhere in 
the Universe 

Exactly how the consciousness of subatomic 
particles can combine to form a full-scale human 
consciousness is a matter of dispute. Some 
panpsychists hypothesise that smaller conscious 
go or fuse to yield full-scale human 
conscious experiences. Some other panpsychists 
hypothosise that when an aggregate of small 
conscious experiences reaches a certain level of 
complexity, full-scale human consciousness arises 
4as an emergent property. These hypotheses are 
inevitably speculative as we do not have direct ac 
to the consciousness of subatomic particles 

Critics argue that panpsychism faces a serious 
problem ofits own: the combination problem. The 
‘combination problem was originally introduced by 
William James, the so-called father of American 
psychology. James presents the problem with this 


od with the necessary c 


‘water of material processes’ if the water 


‘BELOW WatKat Popper. an 
Infetial 20th-Centry 
‘philosopher wrongto asmie 
Danpsyehsm as nonsense? 


“Consciousness 
nota miracu! 
phenomenonti 
arises out of 
in the brain, 


thought experiment. Take a sentence of five words, 
say, IL is a beautiful day’. Gather five people and 
assign one of the words to each person. Stand these 
people in.a row and let each contemplate their own 
words intently as possible. Is there now a 

‘of the entire group contemplating the 
race? No. Members of the group are 
individually conscious but their presence does not 
give rise toa unified consciousness of the entire group 
contemplating the whole sentence. 


The point that James tries to make against 
panpsychism is this: if panpsychism is true, th 
subatomic particles that constitute the brain are 
nscious. However, it seems obvious that by 
hering their mini consciousnesses we cannot 
obtain a full-scale hum; 
hoi 


n the 


consciousness. Thi 


ogeneity of our conscious experiences seoms to 
ntradict the panpsychist thesis th 

experiences. The combination problem is widely 
considered the greatest chal lenge for panpsychism. 


‘THINK BIG 
Conscious experiences, which are smooth, 

continuous and homogeneous, are analogous to 
smooth paintings rather than to Impressionist 
paintings consisting of distinct dots of colour. This 
observation leads us to a variant of panpsychism, 


mes called ‘cosmopsychism’ According to 

cosmopsychism, the consciousness of the entire 

Univer 

11 the consciousness of subatomic part 
ure of reality. This view is 

remarkably similar to pantheism, which equates the 

Universe with God. Einstein expressed sympathy 

with pantheism when he said, “Ibelieve in Spinoza’s 

[pantheistic] God, who rev 

harmony of all that exists.” 

According to cosmopsychism, our smooth, 
continuous and homogeneous conscious experiences 


that is, the cosmic consciousness, rather 
es, is 


als himself in the 


are segments of smooth, continuous and 


homogeneous conscious experiences of the whole 
Universe, rather than aggregates of small conscious 
experiences of subatomic particles. Smooth, 
medium-sized paintings (human conscious 
experiences) cannot be aggregates of distinct small 
anbe 
i" 


dots (mini conscious experiences) but they 

monts of an equally smooth, large paint 
(cosmic conscious experiences) 

Cosmopsychists say that conscfousn 
‘everywhere ~not necessarily because subatomic 
particles are conscious, but because the entire 
Universe is irreducibly conscious, We may argu 
about haw something large (cosmic consciow 
experiences) could be more fundamental than 
something medium (human conscious experiences) 
but this version of panpsychism does not face the 
combination problem. Cosmopsychism, however, 
porhaps strotches the imagination too far 

There is nothing more direct and certaln than our 

ry 


own conscious experiences. The 17th-C 
philosopher and scientist Rene Descartes famously 
said, “I think, therefore Iam". We can doubt all sorts 
of things around us but we cannot doubt the reality of 
our own existence because the very act of thinking oF 
doubting proves the existence of our own 
consciousness ~ something must be there to do the 
thinking or doubting, The mystery of consciousness 
fora persists, 

So what do I think of panpsychism asa soluti 
the mystery of consciousness? On the one hand, 
Tthink the theory has some gaps to fill. It is 
What conscious experiences of subatom 
particles are, and how aggrogates of them can y 
full-blown conscious experiences, Without 
explaining these subatomic exporiences fully, 
panpsychism cannot be considered a successful 
solution to the mystery, On the other hand, itis a 
highly attractive theory. It tries to explain how the 
brain can yield consciousness by stipulating the 
sgant thesis that the Universe is uniformly 
conscious. It seems to make more sense than its 
alternative: that full-blown consciousness suddenly 
came into existence through evolution in a ti 
region of the purely material Universe, @ 
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UNDERSTAND 


PAIN 


Everybody hurts, but why? We explore the science of pain 
WORDS: PROF IRENE-TRACEY 


Wem 


havo learnt to tame it with CIP, in which a person doesn't got the of things, which is why pain is often 


drugs, but pain is one of the rt’ of pain after severely called a ‘multidimension 
cortainties of human existence. It can themselves. Historically experience. 
be both physical and emotional survive to adulthood due So, what do you do? Well, from past 
ranging from a searing torment toa tothe consoquonces of unfelt injury, experiences, learnt responses, and 
mild soreness. But what exactly is it potential outcomes (like being told off 
what function does it serve, and how What does pain do? for dropping the pan) you make a 
ally know how much pain r motivates us toact.Thinkabout decision and act. Recruiting 
eis in? hot pan again, Now imagine traordinary brain-bused notworks, 
you'd picked up the pan before you are able to block the pain and got 

What is pain? realising it was too hot to handle, ihe hot pan to safety ~ then it's back to 
Simple, youd think. Youtouchahot Your optionsare to drop itand make a that cold tap, Pain drives action, 
saucepan by mistake and it hurts like mess, or bear the pain untilasolution prompting us to run away, avoid it in 
hell. You immediately withdraw your is found. Inan instant, you detect that the first place, or signal to others that 


hand, rush to the tap and run cold the pan is hot (thermal), it’s on your wo noed help and relief 
water over it. Phew. No need torush hand (location), it’s painful 

to AXE. But then it throbs for days, (intensity), you don't like it How do we feel pain? 

reminding you ofthe bur and your (unpleasant), it's ¢ your full Just underneath our skin surface, wo 
carelessness until the pain f attention (cognition), and you'renot —_havean intricate network of ‘pain 
way. Lesson learned: you'll be more happy about it (emotional). That’sa lot nerve fibres’ that and with special © 


careful around ce 
This simple 
Jot about pain, Mostly, it’s a brilliant 
warning system. Without it, you 
would not have withdrawn your 


rs in ful 
ident can tell usa 


hand, and the injury would be much 
‘worse. Pain like this — what we call 
acute pain’ —is a good thing: it's key 


survival. That's why the ability 
to experience pain is shared across 


species. A few people include plants 


in this, too, but as plants have no 


or cut. Pain is 
tionarily old, an essential 
thing in the 
can cause us injury 


warning that s 
harm, 1 death, 
Without pain, you're in trouble. We 
know this, sadly, because there's a 
etic condition, which we call 
congenital insensitivity to pain’ or 


UNDERSTAND 
PAIN 


Capsaicinin 
chiles bindsts 
heat receptors in 
your mouth 
‘ibis ny 
Spicy food burns 


© receptors called nociceptors. When 
activated, these receptors send sig 
‘long tho norve fibres to the spinal 
cord and up into the brain, where 
pain, as a perception, emet 

The nociceptors can be activated by 
‘variety of triggers: thermal (heat), 
mechanical (like a knife cut or 
hammer blow) and chemical/irritant 
(for example, acid or chilli pepper). 
The signals then travel along different 
types of pain nerve fibre. Ad, also 
known as A-delta, fibres carry what 
we call first pain’ the fast, quick 
signal that tells you ‘ouch’ when you 
touch a hot pan. C fibres follow up 
with the ‘second pain’, which fs the 
slow, constant throbbing that tolls you 
it's still hurting, Normal touch ~ 
fooling something like 
holding a pe 
peripheral nerves called Afi (A-bota) 

Tho transmission of the pain signal 
to tho spinal cord fs helped by other 
components of t led 
fon channels, and it’s these that many 
patients with CIP don't ha 
why they don't feel pain, Therefore, 
ta 
and/or thet 
cunning way to block pain. Indeed, 
that’s what many pharmaceutical 
companies are currently trying to do. 

Interostir 
polymodal’ ~ 


LMI LL 


‘our clothes or 


is carried on different 


which is 


ing and blocking nociceptors 


nsmission process is « 


y. many nociceptors are 


ney word meaning, 


that different things can activate the 
same nociceptor. As an example, let's 
look at temperature and food 


How can food be painful? 
Different thermal nociceptors in our 
body are activated by specific 
tomperatures, giving us a painful 
sensation of intense hot or cold 

An 
are also activated by various natural 


igly, these same nociceptors 


chemicals, giving rise to the same 


e, For instance, when we 
10 a chilli pepper, a chemical 
called cay 

nociceptor that's activated by 
painfully hot temperatures of around 
42°C and above. That's why we 
perceive a curry as hot: the brain can't 
distinguish what activated the 
nhociceptor, it just knows that your 
mouth is burning! Downing a pint of 


icin binds to the sau 


won't help, either, as capsaicin 
Is fat-soluble, not water-solubl 
ord ta instoad 
Some scientists think that plants 
produce capsaicin to discourage 
mammals from eating their fruits 
Birds don't som to react to the 
chemical, allowing them to eat the 
chillies and help with seed dispersal 
which is what the plant wants! 


a cucumber r 


How doesthe brain generate pain? 


Once the pain signals arrive from @ 


/ 
Ler nar gen 


Nebeneath the surface 


eg Is devastating f 
tens and some 


vewromag ng a 


PAIN NERVEFIBRES 


NOCICEPTORS 


Heat 


Chemical/acid 


Mechanical 


Cold 


WHAT WE STILL DON'T KNOW 


HOW WE DETECT 
APINPRICK 


Using molecular biology and various 
natural chemicals s'probes,, we've 
Identified most of the nociceptorsin the 
body that respond to painful events, 
However, we're still missing the 
nociceptor that detects painful 
hammer blow, knife cut or pinprick. 
Several research groupsare on the hunt 
for this elusive nociceptor. 


THE PAIN PATHWAY 


‘alled nociceptors detect the 


painful stimulus, converting 
Itinto an electrical signal 


There are diferent nociceptors 


‘or different stimuli: heat, 


‘mechanical, chemical/acid, and 
cold Some detect more than 


Cone type of stimulus. 


2.Anetwork of 
many brain regions, 
\s involved in 
processing the signal 
The perception of 
pain emerges from 
this complex activity 


2.The signal travels 
along two types of pain 
‘nerve fibre to the spinal 
cond, A-delta fibres carry 
the sharp, rapid pair 
while Cfibres carry the 
sow, dull ache Signals 
are modulated in the 
spinal ord before being 


sentto the brain, 


WHY PEOPLE DEVELOP 
CHRONIC PAIN 


In chronic pain, the A-delta and C fibres 
often switch on permanently, causing 
non-stop agony. If we can work out why 
this happens and manageto preventit, 
we'll have gone along way to helping 
millions of sufferers. Also, we till need to 
understand why, after the same injury, 
one person can develop chronic pain, but 
the other person does not. 


WHERE THE ‘HURT’ 
ISIN PAIN 


{t'sthought that Oscar Wilde once 
said: "I don't mind pain, so longaas it 
doesn't hurt”. Funny, yet spot on. We 
know that the perception of hurt emerges 
from network of brain regions 
activating together, but we still don’t 
know exactly how this activity produces 
the hurt’ of pain. Brain imaging should 
tell us more. 


UNDERSTAND. 
PAIN 


vy In one tweet... 


Pain, as an alarm, is essential for survival. Chronic 
pain is bad and millions suffer, but scientific 


discoveries bring hope. 


© the spinal cord to the brain, a large 
notwork of brain rogions i 
activated, including t 
the thalamus and several regions of 
the cortex. The subjective experience 
of pain then emerges from this 
brain activity 
Until the conscious brain processes 
these incoming signals, we don't 
actually call it pain, but nociception 
~ this is the nervous system's 
rosponse to the origi 
damage. The relationship between the 
oxtont of tissue damage and the 
int or quality of pain that the 
porson actually fools i 
one-to-one 
signals can be 
or reappraised by the br 
can dramatically chang 
individual's experience. So, being sad 
about your pain or bein 
tho dentist really will make it worse 
~ emotions ure like amplifiers in your 
brain, turning up the volume of pain, 
Thankfully, we also have an inbuilt 
aystem to lessen pain, The brain 
system that’s responsible for th 
foolings of pain cam talk to the sp 
cord and suppress nociceptive 
signals, like a brake. This results in 
less brain activity and less pain, at 
Toast until the brake is removed. This 
is what goes on in athletes and 
soldiers during situations of high 
arousal and battle, or when someone 
is distracted from their pain (for 
example, a ly 
ng their child from the 
id vaccine jab). I's nota trick, 
but real physiology. In fact, i's this 
system, called the ‘Wescending pain 
‘modulatory system’, that's hijacked 
when the placebo effect acts to reduce 
pain. This is known as placebo 
analy 
Weirdly, it was once thought, not 
too long ago, that because animals 
and babies have less developed brains 
than adults, they cannot foel pain. 
This is complete nonsense. Pain is an 
individualised and subjective 
experience that depends upon 
person’s mood, how much attention 
they give to it, the context of the 
situation in which they are hurt and 


ii 


ain sgnalsarive atthe brain viathe spinal cord 


so on ~and it doesn't need a fully: 


doveloped brain to take pl 


What is the difference between 
physical and emotional pain? 
Historically, if poople reported pain 
in the absence of an injury, it was 
called ‘psychogenic’ pain -a 
pejorative term due to a flawed 
understanding of the mechanisms 


overlaps with some brain regions 
volved in physical 
Understanding the basis of someone's 
pain is important if we're going to 
help them. For example, is the pain 
due to inputs from the body, or has 
the brain generated an experi 
independently? We shouldn't think 
that physical pai ‘real’ or 
nportant than emotional pain, 


What is chronic pain? 
This is the system gone wrong. I's 
defined as pain that persists 
beyond normal tissue healing time. 


Ast 
exper 
seven years, but for 20 per 
people it’s more 
more prevalent in women and the 

iderly. Chronic pain wreaks 
suffering their 
familios, also brings si 
costs to society, estimated annually at 
€200bn in Europe and $600bn in the 
US. Additional problems like 

sxiety and sleeplessness 

suffering, 


wgoring one in fiv 
8 it. IL lasts, on 


health prob 
current treat 
provide adequate relief to the majority 
of patients. Patients with chronic 
pain might have different conditions. 
Nerve damage due to diabetes, being 
herapy, multiple sclerosis, 
.n injury, phantom limb 
pain, or arthritis, area few examples 
Yet the signs and symptoms that 
patients describe are often similar. 
Weare starting to consider chronic 
pain asa disease in its own right, 


IN A NUTSHELL 


NATURE'S 


ALARM 


Pain is essential for survival, 
alerting us that something is 


wrong and that we've 
possibly damaged ourselves 
Itprompts us into action and 
isagreatteacher - we leat 

to avoid things that hurt. 


ALLIN 
THE BRAIN 


Pain emerges from brain 
activity, butthere isn'ta 
simple one-to-one mapping 
betweenthe amount of tissue 
damage and the pain we 
experience. It'sa highly 
subjective phenomenon, and 
our emotions, attention, 
expectations and context can 
allinfluence the incoming 
signals to strengthen or 
weaken the pain 


2 PROBLEM PAIN 


One in five adults 
experiences pain that persist 
beyond three to four months 
from the original injury - the 
definition of chronic pain. Our 
understandingofthe biology [SY 
behind this is vastly 

improving, sothere could be 
‘new therapies on the horizon. 


rnary acer 


with underpinning problems that we 


can work on and try to 


fix. 


‘Akoy problem in chronic pain is 


that A@ and C 


bres can swite 


permanently when damaged, sending 


constant pain 
brain. Second, 
the pathway fra 


gnals to the sufforer’s 
's been shown that 
Joaptor to brain 


can get ‘sensitised’ so that the signals 
makes the 


situat 


plified. Thi 
on worse, causing even the 
touch of clothing or bedsh 


become painful. Imagine that, but 


worse, going, 
additional 


n for years alongside 
tant pain. 


How canwe know how much 
pain someone isin? 


r 
suffering, Pople gei 
ery out in agony. But 
to measure pain, as it's such a 


subjectiv 


scales can help 
the pain such 


unpleasantness (0 


inten 
no pain, 10 = 


experience. 
isavailable, thon rat 


al when 
drives empathy and 


rein 


nguage to work out ifsomeone is 


excruciating). But I doubt your 10 is 


yy 


rr 


4A 
Z 


my 10, Questionnaires can be used 
instead of number scales, and 
sometimes just smiley or sad faces, 
such as with children. Pain levels of 
es, com 
individuals, or dementia patients may 
be more difficult to judge, and it's 
tough to know what they're really 
feeling, Looking at body measures, 
Like heart or breathing rate, can help. 
Some studies suggest that women are 
‘more sensitive to pain than men, but 
perhaps women cope better—we all 
know about man flu! Brain imaging is 
helping us to understand pain better, 
ut itshould not be used as 0 
surrogate for what the person reports. 
Tho Intornational Association for the 
judy of Pain defines pain as “an 
unpleasant sensory and emotional 
experience associated with actual or 
potential tissue damage, or described 
in terms of such damage”. In short, if 
the person says thoy aro tn pain, then 
they aro, no matter what causod it 


Lose or anaesthetised 


How do we treat pain? 
Painkillers provide relief from pain. 
The two oldest arw aspirin, which is 
derived from willow bark, and 
morphine, which comos from opiuin 
poppies. These days, aspirin is largely 
replaced by ibuprofen if there is, 
inflammation, or paracetamol ifthere 
isno inflammation. Morphine is an 
opioid and variants of it are still 
widoly used, but can have associated 
problems like tolerance and 
addiction, Other painkillors include 
different types of anti-inflammatory 
style drugs, antidepressants, and 
anticonvulsants. There are many 
additional treatments for pa 
including cognitive behavioural 
therapy, physiotherapy and surgery. 
and the most effective therapies 
combine all of these treatments. With 
new drugs coming through the 
pipeline, and our understanding of 
pain constantly improving, we can 
hope for a future where no one will 
have to suffer unnecessary pain, @ 


roflrene Tracey \shead oftheNuf eld 
DepartmentafCinical Neurosciences at 


Unversity of Oxford 
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(OUR PLANET AS NOUN ERIEME 


» Mount Everest 
ONLY ) The Pyramids of Giza 
£9. 99 » Ayers Rock 
» The Sahara Desert 
"SosTAGE™ » Manhattan 
» The Colosseum 


PLUS - s bers to BBC Focus 
ie FREE UK pe 


on this special edition 


Magazine re 


The sinking city The airplane graveyard 


Order online www.buysubscriptions.com/earth 
or call us on 03330 162 138" and quote EFAHAI7 


epee 
Prices ncaa pastags are 2145 for Ure 


2 £ © 


anes 


YOUR QUESTIONS ANSWERED 
] 


Why do rockets follow 
a parabola after 
launch? 


FRED WILHELM, Us 


‘Students have long been taught that all projectiles follow a 
‘curved path known asa parabola. The explanation is that as 
they fly, they cover distance both horizontally and vertically 
but only the latter is affected by the force of gravity, which 
bends the path of the projectile into a parabola. For long- 
range rockets, things are more complex. For example, air 
resistance must be taken into account. But even ignoring that, 
‘projectile doesn’ really follow a parabola —because the 
Earth isn’t flat. This means that gravity doesn't simply pull 
objects straight back down. Instead, it pulls them towards the 
centre of the Earth, whose direction changes as the projectile 
moves further down-range, away from the launch site. 
Detailed calculations then reveal that the true trajectory is 
not a parabola, but part of an ellipse. 2 


How is helium turned into a liquid and 
a superfluid? 


TOBY CARTER, B 


At 269°C, helium gas condenses This is achieved by compressing 
become a liquid. Cool iteven the gas, and then expelling it 
further and it becomesa state of through a small nozzle. As the 
matter called a superfluid. In s expands, it rapidly cools 
has surable oticed this effect if 
iscosity and so does some odd used an aerosol 


gs, such as climbing up the deodorant). The process is 
wallsofadish, leaking through repeated until the gas that Could you throw a frisbee on Mars? 
apparently solid materials and rushes out ofthe nozzle is cold 
Jess while its gh to condense to a liquid, 
container is spun. To ere if you repeat the cycle a few 
liquid and superfluid states, cs will Since the Martian atmosphere is about 100 times loss 
cool down heliu cs f dense than Earth's, the ‘lift’ a frishoo experiences 
‘Talking in our heads is referred to by psychologists degree s would also be about 100 times Joss, But the 
as ‘inner speech. It involves some similar processes avitational force on Mars is about a third of that on 
{to ‘overt’ speech ~ it recruits brain regions involved. Earth, 80. frisbee on Mars would act as if itis about 
‘in language, such as the Broca’s and Wernicke's 33 timos heavier (100/3), Since the li 
‘areas, and is even accompanied by minute muscle of attack and the 
‘movements in the larynx. However, there are notable velocity it is thrown (as woll as the air density), it 
differences too, with brain areas useful in inhibiting would still be possible to make a frisboo glide, but it 
overt speech playing a greater role in inner speech. would require much more effort on the part of the 
‘The exact brain mechanisms involved may come throwor! aca 
down to why we are talking in our heads in the first 
place. For ‘when we read a book, brain 
regions i in attention may be more active 
than when we are mentally preparing for a race. ate 


JONATHAN HINCHLIFFE,BiRMAINGH AD 


the size of the frisboo, the ang! 


How many organs could 
you lose and still live? 


You can still have a fairly surgeons could amputate all 

normal life without one of of your limbs, and remove 

your lungs, a kidney, your Your eyes, nose, ears, 

‘spleen, appendix, gall blad larynx, tongue, lower spine 

adenoids, tonsils, plus some of and rectum, Supported by 

your lymph nodes, the fibula machines in an intensive care 

bones from each leg and six of — unit, they could also take away 

your ribs, Losing your uterus, your skull, heart and your 

ovaries and broasts, or your remaining lung, at least for a 

testicles and prostate, is also short while. 

quite survivable, although you This adds up toa 

might need hormone therapy theoretically survivable loss 

to avoid other long-term of around 45 per cent of your 2 

problems, such as total body mass, But any 1. FOOD CHAIN COLLAPSE 2.NO POLLINATION 3. LESS INSECTICIDE 

brittle bones trauma that destroyed all Most non-marine food chains depend on Ofthe world's food crops,7Spercentare _Onthe plusside, if there were no longer any 
If you allow yourself these organs all at once would insects. Almostall birds eat insects, and even _pollinated by insects. Without insects, we insects, we wouldn't need the 430,000, 

artificial replacements and almost certainly kill you from those that eat seeds as adultsstill feed could still grow many foods, but onions, _tonnesof insecticides thatare sprayed onto 

medication, we can go further shock and blood loss. And © insectstotheir young. tttakes 200,000 cabbage, broccoli chillies, most varieties of crops every year. In the US, pesticide residues 

and remove your stomach, surgically removing them one = insectsto raise a swallow chick to adulthood. tomato, coffee,cocoaand mostfruits would cause between 4,000 and 20,000 cases of 

colon, pancreas, salivary ata lime over many months 2 insects also break down plant matter and beoffthemenu.Sowouldsunflowerand cancer each year, accordingto the National 

glands, thyroid, bladder and would likely also be fatal, due [== & help recycle nutrientsinto the soil. Without rapeseed oil. Demand for synthetic fibres Academy of Sciences. But this isasmall 

your other kidney. SUII not to infections in your immune any insects atall, most bird and amphibian would alsosurge because bees are neededto compensation for total ecological collapse 

enough for you? Theoretically, compromised state. w species would be extinct in two months. pollinate both cotton and flaxfor linen. and global famine, 
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Can the placebo effect 
harm you? 


AMMAR EL-BEIK, BY EMAIL 


COUN GRAY, (AST 


ypically 
(ono pint 
negative version, called th just from beor 


effect. This creates harmful ef 


day, which is hardly healthy. But tho 


IN NUMBERS. 


How long could 
you survive on 
beer alone? 


you'd need to drink 11 pints every 
s the 


such as pi least of your problems, Beer, even real ale of 
Guinness, contains no fat, almost no protein and 

re possible side effects of the crucially —no vitamin C, Without any source of 
medicatio been given, even vitamin C, you'll experience symptoms of scurvy 


though it's a placebo, uw 


How hot could Earth get before 
it's uninhabitable for humans? 


1Acoo Hipkiss, SOUTHWELL 


Humans need to sweat to survive in warm 
conditions, and that’s only possible ifthe 
combination of temperature and humidity —known 
asthe wet-bulb temperature —stays below around 
35°C. According toa 2012 study by scientists at 
MIT, this limit could be reached globally if our 
planet warms by around 12°C. Fortunately, few 
scientists think global warming will do this in the 
foreseeable future, RM 


82 


in two or three month: 


What is being done to preserve Pompeii? 


The main threat to the already excavated buildings and mosaics is 
moisture, which attacks the plaster and mortar. But Pompeii has 
attracted the best archaeological conservationists from around 


the world. In 2012, a 10-year project began instal otwctive 


roc ure and researching the chemical 
structure of ancient plasters. There 


excavations. wt 


archaeole 


WHAT HAPPENS IN MY BODY... 


WHEN | SLEEP? 


p radically diffe 
REM). The sloep st 
in REM, b 


the developing bral 


Babies sp 


nt sloop 


physiological states. There is rapid eye movement sleep (REM) and non-rapid eye 

ss seen to have diffe actions, but why we sleep is still not completely understood. 
this drops to a quarter by the age of two. It is therefore thought that REM sleep is 

in. In NREM sleep, brain activ ws and a person woken at this stage may foel 


1. Pituitary gland 
During non-REM seep the pitutaryglnd produces 
growthhormone and secretes prolactin Tis 
counteracts dopamine tolower general arousallevel 


2.Mouth 

You produce less saliva, which reduces the need to 
swallow Five per centof adults also grind their teeth 
at right, mostly during the early stages of steep, 


3. Lungs 
The throat muscles relaxso your airway narrows 
whoninhaling, This can cause snoring ortempora 
halt your breathing fora few seconds (sleepapnioea), 


4.Heart 

Your pulse drops by10-20bpm while you seep, 
lowering your blood pressure Less Hood flows to 
the brain and mores diverted to your muscles 


5. Limbs 

The extra blood swellsyour arms andl slightly. 
Musclesare paralysed wile dreaming, but between 
{dreams you change seeping postion 3 times night 


Why do some fish have colourless blood? 


LORELY MASKELL, 8 


Antarctic icefish have colourless blood 
blood cells and no haemoglobin, the oxygen-carrying 
pigment. This probably comes down to a genetic 
‘mutation, and means their blood carries 90 per 

cent less oxygen than red blood. They survive 

partly because frigid Antarctic waters are 


axygen-rich. Icefish also have enormous 
hearts that pump huge volumes of blood 
around their bodies, making sure 

they get enough axygen. Antifreeze 

in their blood stops them from 

freezing (the salty Southern 


‘Ocean gets down to -2°C) but 
as they are so well-adapted to 
the cold, their future in a 
warming world remains 
uncertain. #s 


6. Bladder 
Vasopressin hormone levels rise, This reduces the 
amount of urine collected inthe bladder to between 
Ahalfandathied of normal daytime levels 


Does holding your breath make you stronger? 


breath when your lungs are emp 
rather than taking a big breath in and 


been shown te risks, though, 


your muscles to cope with short, intense A 2009 study found that free diver 
exertions, This works by increasing who regularly held their breath for 
the concentration of bicarbonate in th ral minutes had elevated lovels « 


blood, which helps to neutralise th a protein called S100B in their 


exercise, For this technique to work brain damage. iw 
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..HAND CREAM 


There are two ways thathand creams act to moisturise your skin. Occlusive agents form a barrier 
that traps water, while humectants attract more water to your skin. The problem is that the 
humectants re water soluble, while the occlusive agents dissolve in oll So to get them to mixin 
aneasy-to-uise formulation, the creams also need an emulsification system. ML 


FATS AND OILS 


‘cata 7 per cent 
80 percent MGwensaance teased 
hasan ‘woolly animals such as sheep) might 
starertblck ecaping water 


CLYCERINE 
3 percent EMUSIFIER 
te atypical humectant used to draw 25 percent 
waterinfrom the atmosphere, Ciyeerystenrate and stearic 
acidhaiptostabtise the oil/ 
THICKENERS 
Pacer payee wich ay PRESERVATIVES 
sppearascarbomeronthelabel) are AND FRAGRANCE 


Tongpolymer moleclesthat 25 percent 
Increase the viscosity of the ream, Theselimprovethe product's shelf fe 
rmakingiteasierto apply. ‘nd makeit mel nice 


How do 
stars die? 


LESLIE GRIFF, MALVEEN 


Stars die because they exhaust their 
nuclear fuel, The events at the end of 
‘star's life depend on its mass. 
Really massive stars use up their 
hydrogen fuel quickly, but are hot 
‘enough to fuse heavier elements 
such as helium and carbon, Once 
there is no fuel left the star 
collapses and the outer layers 
explode as a ‘supernova’. What's left 
over after a supernova explosion is a 
‘neutron star’ the collapsed core of 
the star ~or, there's sufficient 
mass. a black hole 

Average-sized stars {up to about 
1.4 times the mass of the Sun) will 
die less dramatically. As their 
hydrogen is used up, they swell i 
become red giants, fusing helium 
their cores, before shedding their 
outer layers, often forming 
‘planetary nebula’. The star'scare 
remains as awhite dwarf’ which 
cools offover bill 

The tiniest stars, 
dwarfs, burn their nuclear 
‘slowly that they might liv 
billion 
the current ageof the Universe. age 
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your champagne 
assesare grb, 
bubbles wilfermon 
betraying your shoddy 
washing-o sks 


Why do champagne bubbles rise from the 
bottom of a glass? 


The bubbles are filled with carbon dioxide (CO,), « gas 800 
times loss dense than the surrounding liquid, Molecule 
of this gas accumulating in imperfections in the glass and 


ity supplies enough 
face, In tho 

the bubble even 
nt, aM 


| 


buoyancy to broak off and float towards the 


ules, maki 


WHAT IS THIS? 


How does physical exercise 
help reduce stress? 


[LUCIE COLTMAN, viA TWITTER 


Research clearly shows that physical 
exercise can reduce stress and anxiety. but 
it’s less clear how this occurs. Multiple 
mechanisms are likely to be impos 
Exercise can help to reduce the body's 
response to stress by boosting serotonin 


achievement 
which 
provide psychological routes by which 
reduce stress. Finally, research shows 
that exercise moderate 
amounts and at appropriate times of 
the day can improve our sleep. Good 
sleep quality can help us to regulate 
‘our emotions and therefore 

provides another way in which 
physical oxercise helps to reduce 
ste, Mer 


Do trees reduce air pollution levels? 
noceR LenTOn pA. 
‘This creepy-looking robot, called Alter, 
was designed by scents in japan The 
robotisconnectedupto electronic 
sensorsthat detect minute changesin 
the environment. These diferencesin 
temperature, humidity or ether 
ements wil influence therobot's 


movements, whichare controlled bya 
brain-like neural network withoutany 
Input from humans. 


What is the biggest a moon 
can be in relation to its 
mother planet? 


wmical body mn ‘doub 

he definition . isnot 
astronomers 
ystem as one 


which both 
objects orbit (the barycenter) inside 
the larger object, but this distinction 

quite arbitrary because it depends 
‘on both size and sepafation. ace 


WHAT CONNECT: 


.-FROGS AND FRESH MILK? 


1 


Frogs, like 
allamphibians, 
have thin, porous 
‘shin thatthey 
‘anbreathe 
through. Butts 
also poses risk 
because itmakes it 
‘easier forbacteriato 
linfectthem. 


Toprotect 4 
themselves, 
trogssecrete 
substances 
called 
‘cationic 
antimicrobial 
peptides (CAMPs). Other 
animals secrete CAMP too, but 
trogs produce much more, 
Including some peptides that 
are effective against multi- 
‘resistant bacteria. 


é 3 


sai goes: 
\ becauseof 
bacteria, 
' ‘especially 
species of 
actobacili and 
Pseudomonas These 
ferment the lactose in 
milk into tactic acid, and 
hydrolyse milk proteins 
into various unpleasant 
tasting by-products. 
Accor ding to Russian folklore, putting 
alive frog in milk would help it stay. 
fresh. Recent research 
hhasfound that 
(AMPS trom the 5 
Russian brown 
frogcoulskil 
thebacterain 
rik and 
prevent it 
fromuurning. 


HOW IT WORKS 


MR TRASH WHEEL 


At the mouth ofthe Jones Falls iver where it feedsinto Baltimore Harbour inthe US. sits Mr Trash Wheel. Since 2014, this semi-autonomous floating 
rubbish collector has scooped up more than SOO tonnes of detritus including $100,000 cigarette butts, 432.000 coffee cups and 376000 crsp packets 
Mr Trash Whee! cast $720,000 (£560,000) to build, and has now been joined by Professor Trash Wheel, Yemale' version in a diferent part ofthe harbour 
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Theconveyersare 


eneuth 
° cantakeover 


Asecond conveyor 


QUESTION OF THE MONTH ~ a + 


"WINNER! 
Do all fish and shellfish Jack Moore wins apairof a 


contain mercury? ~ y Groove-e’s new Action Earphones 
JACK MOORE FROME (£4499 groov-eco.uk). Held in 
— position around your neck with a 
‘right LED meckband, the stylish 
tearphones are designed to 
‘make youstand out and, 


Mercury levels in the oceans have 
tripled since the Industrial Revolution, 
thanks to mining and the burning of 
fossil fuels. All sea creatures absorb 
some of this heavy metal directly, and 
‘once it's in the body there's no way of 
getting rid of it. The amount of mercury 
in fish varies between species. Long- 
lived predators like tuna and swordfish 
tend to contain the most, because they 


also absorb mercury from their prey and 
they've had a long time to accumulate 

it. The lowest levels are found in short- 
lived species lower down the food chain, 
such as oysters and shrimp. ws 
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OUT THERE 


WHAT WE CAN'T WAIT TO DO THIS MONTH 


and crack out the Ki 
Mint Cake! A now tl 
series from the BBC 
Natural History Unit t 


CLIMB _ wristetietesetthee ot 
ABOVE Siachon: 
TEAS pacers ee 
CLOUDS 232251. 


thrive at great heights. In the 
hi 


y 
cannibalisticsalamanders of underwear. 


‘OUT THERE aul 


THREE MORE 
GAMES OUT 
THIS MONTH 


DN tacoma 


Tacomais the latest release fom 
Fulbright, makers of the 

critically-acclaimed Gone Home 
Tacoma isa narrative adventure 


space station 
200,000 miles from Earth. Its 
crew of six have 


and i's your job to piece together 


‘exactly what happenod, 


EXPERIENCE PSYCHOSIS 


Now video game Hellblade follows sets offon a quest to Hel, the and hallucinations, but also to go Theportraa! es, and so the player hears that people can experience ERM wcrtnooswrren 
lie ic emee rbee es  e ee lPora = See eee ee 
WELLBLADE: Coltic warrior who ison aquestto souland lay him torest. During what we know about norma pane different characters, which are fs without it being a problem 
SSEMUM'S save her lovers soul from th the gamo, Senta experionces perception, We all tend to think ines harsh and berating Himes coms when those Welcome back, O blue one! Sonic 
Mea/ee underworld. Senua experiences _visions, voices and delusional that we have a clear representa sometimes friendly and helpful. experiences cause suffering. Often | the Hedgehog returns in full 2 
Aucust frequent hallucinations and beliefs symptoms of what we of reality, but most of the time our Wo worked closely with agroup of the recovery is not about curing pixellated glory with this 
delusions during herjourney, all now call psychosis minds are actually making it up. voice-hearers to try and got these yourself of hallucinations, but homage to the Sega games of 
symptoms of psychosis a dociding what should be there sounding as realisticas possible, finding ways to live with them yore, Thero are roimagined levels 
condition that the game's How does Senua’s psychosisfitin with rather than what is there, I's. She al flashbacks ‘That was a revelation to me, nic titles ofthe 1990s, 
developers Ninja Theory were her backstory? kind of controlled hallucination. ions, and there as well a entirely new zones and 
koen to portray as accurately PF: To some extent, Senua has This idea, too, is deeply embed sinthegame’s PE: It's boen refreshing to see a ses, plus a welcome return for 
as possible always soon the world differently in the game: the player b he moves around, — representation of psychosis in Tails and Knuckles, 
Hellblade has received funding from others, but the idea is that the sensitive to the visual sdescriptions of | which the person isn’t just a sort of 
from the Wellcome Trust, and its profound trauma she's manifest in real —__ passive receptacle for madnoss. 
creators have been working closely Ht shift position Senua is the hero of her own story 
with Prof Paul Fletcher, a symptoms. Hi ; Psychosis u might sooa hidden trying to make sense of her itive 
neuroscientist and psychosis experiences, Senua has lost touch as this extrem pattern in a shadow o experiences and work her way Lethe 
expert at the University of 1 the reality of those around etely I's these patterns that the player through them ~ that's incredibly me 
Cambridge. We spoke to Fletcher her, That's really the forma xperien needs to find in order to progress de-stigmatisin canes) 
and Hellblades creative director definition of psychosis, We fe are coming to 1 the gam In representations of mental 
Tameem Antoniades about how more or less prone to psychosis, a continuum ness onscreen, you usually Uncharted 4: A Thief's End was 
they went about representing depending on how we view and of us are prone What else do you hope to achieve have tho illness first, and then a many critics’ game of 2016, This 
mental illness onscreen experience the world, but trauma ing separate f with the game? two-dimensional character standalone expansion, set six 
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